








REPORT RE SUMES 

ED 021 072 VT 005 655 

AUTOMOTIVE DIESEL MAINTENANCE 1. UNIT 1| GENERAL INTRODUCTION 
TO DIESEL ENGINES. 

HUMAN ENGINEERING INSTITUTE! CLEVELAND! OHIO 

REPORT NUMBER PTAM-1-1 PUB DATE 29 SEP 65 

EORS PRICE MF-S0.25 HC-Sl.52 36P. 

DESCRIPTORS- «GTUDY GUIDES! «TEACH1NG GUIDES! «TRADE AND 
INDUSTRIAL EDUCATION! «AUTO MECHANICS (OCCUPATION) ! #D1ESEL 
ENGINES! ADULT VOCATIONAL EDUCATION! TRANSPARENCIES! 

PROGRAMED MATERIALS! INDIVIDUAL INSTRUCTION! INSTRUCTIONAL 
FILMS! PROGRAMED INSTRUCTION! MOTOR VEHICLES! EQUIPMENT 
MAINTENANCE! 

ONE OF A SO-MODULE COURSE DESIGNED TO UPGRADE THE JOB 
SKILLS AND TECHNICAL KNOWLEDGE OF DIESEL MAINTENANCE 
MECHANICS! THIS MATERIAL WAS DEVELOPED BY INDUSTRIAL TRAINING 
AND SUBJECT-MATTER SPECIALISTS AND TESTED IN INDUSTRIAL 
TRAINING SITUATIONS. THE PURPOSE OF THIS FIRST UNIT IS TO 
PROVIDE AN INTRODUCTION TO DIESEL ENGINES BY DEVELOPING AN 
UNDERSTANDING OF THE DIFFERENCES BETWEEN DIESEL AND GASOLINE 
ENGINES! diesel ENGINE COMPONENTS! AND DIESEL OPERATION. THE 
MODULE CONSISTS OF AN INSTRUCTOR'S GUIDE! TRANSPARENCIES AND 
A LIST OF SUGGESTED SUPPLEMENTARY MATERIALS FOR 2 HOURS OF 
GROUP INSTRUCTION! TRAINEE TEXT MATERIAL! AND 
SELF- INSTRUCTIONAL BRANCH PROGRAMED TRAINING FILM "DIESEL 
AUTOMOTIVE MAINTENANCE— GENERAL INTRODUCTION" FOR SELF-PACED 
INDIVIDUAL INSTRUCTION USING AN ELECTRONIC TUTOR. A 
REPRODUCTION OF THE TRAINING FILM WITH PROGRAM BRANCHING 
INFORMATION IS INCLUDED SO THAT IT MAY BE DEVELOPED AS 
PRINTED MATERIAL FOR USE WITHOUT THE ELECTRONIC TUTOR. 

MODULES IN THIS SERIES ARE AVAILABLE AS VT 005 655 - VT 005 
664. MODULES FOR "AUTOMOTIVE DIESEL MAINTENANCE 2" ARE 
AVAILABLE AS VT 005 665 - VT 005 709. THE 2- YEAR PROGRAM 
OUTLINE FOR "AUTOMOTIVE DIESEL MAINTENANCE 1 AND 2" IS 
AVAILABLE AS VT 006 006. THE TEXT MATERIAL! TRANSPARENCIES! 
PROGRAMED TRAINING FILM! AND THE ELECTRONIC TUTOR MAY BE 
RENTED (FOR $1.75 PER WEEK) OR PURCHASED FROM THE HUMAN 
ENGINEERING INSTITUTE! HEADQUARTERS AND DEVELOPMENT CENTER! 
2941 CARNEGIE AVENUE! CLEVELAND! OHIO 44115. (HC) 




.. V. V,- 









MMBIMIMWHiaMH 


















♦ • ► 



STUDY AND READING ilATERIALS 






AUTOiVIOTIVE 





MAINTENANCE / 






■H®= 





/ GENERAL INTRODUCTION TO 
3DIESEL EINGINES . 



/ UNIT I 




TABLE OF CONTENTS 




SECTION A 
SECTION B 
SECTION C 
SECTION D 
SECTION E 
SECTION F 
SECTION G 



DIESEL ENGINES VS GASOLINE ENGINES 
AIR SUPPLY FOR THE DIESEL 
FUEL SUPPLY FOR THE DIESEL 
LUBRICATING THE DIESEL 
COOLING TEE DIESEL 
ADVANTAGES OF DIESELS 
MECHANICAL FEATURES 



U S. DEPMnMOn OF HEMTH, EDUUnOU ( WEIIAOE 
OFFICE OF EOUMUON 



INIS OOCUNENT HAS OEEN KPMOUCEO EXACnY AS MaiVEO FMM THE 
PEISON 01 OtOANIZATIIHI OMGIIIAnilO IT. POWn OF VIEW 01 OPINIONS 
STAW 00 NOT NECESSAMIY tEPNESENT OFFICttl OFFICE OF EOUUTION 

POSITION OR POUCY. . . 

PTAM 1-1 



9/29/65 




HUMAN ENGINEERING INSTITUTE 






ERiC 













aaaiiiiaiiiiB 






PTAM 1-1 



This is the first in a series of text materials about diesel automotive main- 
tenance and the equipment you take care of. It is basically designed to: 

1. Better acquaint you with the equipment you maintain. 

2. Help you to better understand the reasons why equipment has to be 
cared for. 

3. Assist you in correcting problems that occur when equipment breaks 
down. 

4. Show you the importance of keeping the equipment in peak condition 
for purposes of economy and efficiency. 

Before we start discussing the diesel engine, just a note on class participation: 
When you have a question, idea, or problem BRING IT UP IN THE CLASS 
DISCUSSION. Your problem may be the other man*s problem too. Active 
class discussions are healthy, and will make for a better understanding by every- 
one. 



SECTION A - DIESEL ENGINES VS GASOLINE ENGINES 



When the combustion of the fuel takes place inside the engine cylinder, as in 
a diesel or gasoline engine, the engine is broadly termed an internal combustion 
engine. Of the many types of internal combustion engines, the gasoline and the 
oil (diesel) engines are the most common. 

Diesel engines use a heavier and less volatile fuel than gasoline engines. This 
is possible because of the high compression in a diesel engine compressing the 
air alone until it is so hot that when the oil is sprayed into the cylinder at the 
height of compression it will ignite without a spark. This eliminates the need 
for a spark plug, distributor, and all the wiring necessary for the gasoline 
engine. 

Diesels have a compression ratio as high as 21:1, whereas gasoline engines 
can have only 10:1 at the most. The reason for this is that a mixture of air 
and fuel enter the cylinder in a gasoline engine. When compression starts. 
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ignition occurs long before the piston reaches the top due to the high volatile 
characteristics of the fuel. In a diesel engine, air only is being compressed. 

The air reaches a temperature of approximately lOOO F at the height of com- 
pression. Th^ fuel is then injected in a fine spray through an injector mechanism. 
The high compression of a diesel allows the engine to get more use out of 
every gallon 6f fuel. 



Both engines are also- classified as to the 
method of operation, and are known as 
two-stroke cycle and four -stroke cycle 
engines. In the two cycle engine, intake 
and exhaust take p ce during part of the 
compression and jwer strokes. This 
means there are only two strokes for each 
complete cycle. The piston fires once for 
each revolution of the crankshaft. As the 
piston reaches the downstpoke, ports in 
the cylinder liner are uncovered allowing 
air to enter the cylinder from the air box, 
see Figure 1. 

Fig. 1 Two cycle principle. 

The blower forces air imder pressure into the air box from the outside source. 
This air serves two purposes for the two cycle engine, (1) it provides fresh 
clean air for compression and (2) it serves to rid the cylinder of stale gases 
(scavenging) from the previous explosion. On the GM two cycle the ports are 

i 

cut at an angle so the air entering the cylinder enters in a swirling motion. 

This motion rids all comers of the cylinder of stale gases. The. stale gases 
are expelled from the cylinder out the exhaust valves. Some engines are 

* 
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equipped with two valve heads, some have four. 

The four cycle CUMMINS engine requires four strokes to complete a cycle: 

1. Air is drav/n in through the intake valves at the top of the cylinder 
when the piston is on the downstroke. 

2. Air Ik compressed on the upstroke of the piston. 

3. Fuel is injected at the height of compression resulting in a power 
stroke. 

4. Burned gases are expelled on the exhaust stroke of the piston. 

We will get into the four-cycle CUMMINS engine in greater detail later in the 
year. Since this first part of the year is to be spent on the GM (two-cycle) 
let's continue with it. 



SECTION B — AIR SUPPLY FOR THE DIESEL 

As mentioned before, the four cycle diesel gets its air supply much the same 
as a gasoline engine does: the air is drawn in as the piston goes down the 
cylinder. The two cycle, however, cannot use the same principle since 
exhaust and intake take place at the same time. Therefore, a separate pump 
is required to supply air to the cylinders. On the GM engine, a blower known 
as the Roots blower supplies the necessary air. On the inline engine the 
Roots blower is mounted on the side and driven by the gear train at the rear 
of the engine. On the V-series the blower is moimted on the top, the method 
of driving is the same as the inline. 

ROOTS BLOWER -- The Roots blower consists of two three-lobed, inter- 
meshing spiral gears which trap the air and force it to the other side, see 
Figure 2. 



The faster the crankshaft turns, the faster the blower turns, forcing air 
under pressure (5 to 7 psi) into the air box which surrounds the cylinder liners, 

see Figure 3. 
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Fie. 3 Operation of the Roots Blower. 



SECTION C — FUEL SUPPLY FOR THE DIESEL I 

As we said before the fuel injector eliminates the need for a carburetor on the 
diesel. Each cylinder has its o^m injector, and with the air tightly compressed j 
and at a high temperature, the injector sprays diesel oil into the cylinder. The I 
oil enters the cylinder at pressures of 20.000 psi in a fine spray or mist. The | 
oil mist begins burning immediately upon contact with the superheated air. > 

More will be said about fuel later, but the characteristic of how fast the fuel 
will ignite when it enters the piston is called its "Cetane" rating. j 

The fuel injectors are probably the most critical items in the diesel. Its parts | 
are machined to extremely exacting tolerances. For example, the injector I 

in Figure 4. which is typical of the GM engine, has a tolerance between the I 

plunger and the bushing of 60 millionths of an inch. Every precaution is taken I 
to keep dirt out of the fuel for obvious reasons. 
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Th^ extreme tolerances are needed 
because there cannot be any leakage 
within the plunger and cylinder. The 
fuel reaches the injector under a 
pressure of 45 to 65 psi, it is then 
compressed within the injector and 
forced through several needle sized 
holes located on the tip of the in- 
jector at pressures up to 20, 000 psi. 



To vary the engine speed, the 
amount of fuel sprayed from the 
injector is changed. Just the right 
amount of fuel is metered out for 
the desired speed. This is 
accomplished through the fuel rack- 
throttle-govemor linkage which will 
be covered later in greater detail. 

One point that is important to re- 
member here is that no matter how 
much the fuel is varied the amount of air taken into the cylinder remains the 
same. 




CHECK 
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CAGE 



Fig. 4 GM fuel Injector. 



SECTION D — LUBRICATING THE DIESEL 

All internal combustion engines must have some means of lubrication to reduce 
the friction of moving parts, and to aid in carrying off heat. All GM engines 
are lubricated by the combinatipn of pressure feed and splash and spray. At 
any point in an engine where one part moves over another, a film of oil must 
be provided to reduce friction, the lubricating oil absorbs and carries away 
the heat from heavily loaded parts, such as the movement of the camshaft 

and crankshaft. Figure 5 shows a schematic diagram of the GM V- series type 
lubricating oil system. 
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In order to keep the cylinder temperatures within working limits, some means 
of cooling must be incorporated into the design of the engine. The heat resulting 
from the burning gases produces extremely high temperatures that would burn 
up the metals of the cylinder and piston if some means of cooling were not 
provided. In diesel engines cooling can be done by air or water. The GM 
system employs a centrifugal type pump to circulate the engine coolant. Each 
system incorporates thermostats to maintain a normal operating temperature 
of 160® to 180® F. 
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The thermostats maintain the operating temperature as follows: at coolant 
temperatures below approximately 170 F, the thermostat valve remains 
closed and blocks the flow of coolant through the radiator. As the coolant 
flowing through the engine block rises in temperature, the thermostat starts 
to open, allowing coolant to flow through the radiator for additional cooling. 
The valve will be completely open when the temperature reaches 185 F. 



SECTION F — ADVANTAGES OF DIESELS: 

CHEAPER FUEL -- The diesel engine uses fuel costing less than half as much 
as gasoline and what fuel they do use is used more efficiently. 

ECONOMY AT LIGHT LOADS -- Unlike the gasoline engine the diesel at full 
load is just as economical as it is at idle or partial load. 

GREATER SAFETY — Diesel fuel is much less volatile (active) than gasoline 
and has mpch lower burning characteristics. Also, diesel exhaust gases 
are much less toxic than those from gasoline engines, because there is only 
a trace of carbon monoxide. 

DISADVANTAGES OF DIESELS -- Diesels are more expensive than gasoline 
engines of comparable horsepower because of their heavy construction. How- 
ever, the economy and efficiency of operation offsets this disadvantage. 



S ECTION G — MECHANICAL FEATURES 



Diesel engines are composed of single cylinders put together in various 
arrangements. We can fasten the cylinders together any way we please, 
depending on what we are going to use the engine for. The most common 
is the inline type, with anything from 2 to 8 cylinders. However for space 
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reasons, the V type engine has become popular for trucks and other mobile 
equipment; to have 12 to 16 cylinders in a row would require a long truck! 

The crankcase and cylinder block are cast in one piece, but a separate liner 
is inserted in each cylinder. The liner is like a length of tubing which fits 
in the hole in the block, and provides a replaceable cylinder wall against 
which the piston rubs. The connecting rods and pistons are similar to the 
automobile type, although the top surface of the piston will probably have a 
depression or some other irregular shape instead of being flat. This depends 
on the type and shape of combustion chamber, more of which will be explained 
later. 

An overhead valve mechanism is used, with the usual push rods and rocker 
arms. Sometimes the camshaft is located near the top of the engine, and the 
push rods are very short. In considering the two cycle engine, we should 
always bear in mind that the camshaft runs at the same speed as the crank- 
shaft. In the four cycle engine the valves are opened only every two revolutions; 
the camshaft runs h^lf as fast as the crankshaft. In the two cycle engine, the 
valves must open every revolution; the camshaft runs at crankshaft speed. 
Camshaft speed is governed by the size of the gears driving the camshaft from 
the crankshaft. 

FLYWHEEL -- When the engine is running, the pressure on the piston is varying 
constantly, and the reciprocating movement of the piston and rod requires 
these parts to be brought to a stop and started again twice in each revolution. 

To provide smoother engine operation, a flywheel is attached to the rear end 
of the crankshaft. The movement of the fl 3 nvheel serves to carry the engine 
during that portion of the piston stroke when the piston is not putting out 
sufficient power to the crankshaft to carry the load. Also, the pressure of 
the power strokes to the crankshaft is absorbed by the flywheel. 

bi this unit we have briefly discussed the mechanics of how a diesel operates, 
plus a few component parts. We have compared its relation to the gasoline 
engine and have seen some advantages and disadvantages. 
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In the units to follow the four flows of the diesel (i. e. air, fuel, oil, and 
coolant) will l)e treated separately in individual units and in much greater 
detail. 
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Diesel Automotive Maintensnce - General Introduction 
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Let's start off by comparing a diesel eng^e to a gaso* 
line engine; they have many parts in common, such 
as cylinder blocks, pistons, connecting rods, crank- 
shafts, cams and valves. 



They also have some major differences. A diesel 



engine has no ignition system; the fuel is ignited by 
contact with m^y compressed air. **“ “ 



Air, when 

highly compressed, becomes very hot, and the in- 
jection of fuel causes the ignition. 



A diesel engine draws air only into its cylinder and 
compresses this air betore any fuel enters the 
cylinder. As you know, a gasoline engine mixes the 
air with fuel in a carburetor outside the cylinder. 



Press 
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You said diesel engines use less compression than 
gasoline engines - or that you didn't know. Remember: 
we said that the diesel engine has no ignition system; 
the fuel is igniteiLby contact with highly compressed 
air. The correct answer is that diesel engines use 
greater compression than gasoline engines. 
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Why can a diesel engine have a hi^er compression 
ratio than a gasoline engine? 

A. 



Only air is compressed in the diesel 
cylinder. 



B. 

C. 



The fbel-air mixture in a gasoline 
engine is too dense to be compressed. 



The diesel pistons are more sturdily 
built. ^ 



This is the first of a series of programs that will 
give you some technical information about diesel 
engines. You may find that you already know some 
of the material, but much of it will be new to you. 
Read carefully and try to answer the questions 
correctly. 



Remember: you want to learn to do more of your 
job and to do it better. 
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compression than gasoline 
engines** is the correct answer. 

In a gasoline engine the amount of compression that 
can be used is limited - because fuel, 'as well as air. 
is being compressed. U the fuel-air mixture is com- 
^essed too much, pre-ignition will occur. The 
miciency of a gasoline engine is, therefore, limited 
w the permissible compression ratio (about 7 to one). 
Diesel compression isn't limited by the chance of 
pre- ignition - because only air is compressed. Diesel 
compression ratios are about 16 to I - they achieve 
greater efficiency in the use of fuel. 
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You said the reason a diesel engine can have a hi ghor 
compression ratio than a gasoline engine is that the 
fiiel-air mixture in a gasoline engine is too dense to 
be compressed. Actually this fuel-air mixture would 
oot be too dense to be compressed - but excessive 
compression would cause pre? ignition. As the air 
portion of the mixture is highly compressed, the 
temperature would rise and thus ignite the fuel. This 
would interfere with the timing of the piston. 



Press A MK 















/-/ !> 



r 






You said the reteon a dieael englM can have a higher 
compreeelon ratio than a gaaoline engine is that the 
diesel pleions are more sturdily built While it is 
true that the diesel pistons are stronger, this is not 
the reason for the higher compression ratio. A 
higher compression ratio in a gasoline engine would 
result in a pre-lgnltlon and thus Interfere with the 
timing of the piston. 
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"The reason a diesel engine can have a higher com- 
pression ratio than a gasoline engine is that only air 
is compressed in the diesel cylinder" is thO correct 
answer. 



We therefore can say a diesel engine is 
a gasoline engine. 



A. less efficient than 

B. as efficient as ^ 

C. more efficient than ^ ^ 
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You said "a diesel engine is less efficient than a 
gasoline engine. " Remember we said a diesel 
engine has a hl^er compression ratio than a gasoline 
engine. Now, the more you can compress the air in 
a cylinder, the more power you can get from a certain 
amount of fueL Since you can compress the air more 
in a diesel engine than a gascfline engine, you can get 
more power from less fuel. This makes the diesel 
engine more, efficient than a gasoline engine. 
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You said " a diesel engine is as efficient as a ^oline 
engine. " Remember we said a diesel engine has a hi^er 
compression ratio than a gasoline engine. Now, the 
more you can compress the air in a cylinder, the more 
power you can get from a certain amount of fuel. Since 
you can compress the air more in a diesel engine than 
a gasoline engine, you can get more power from less 
fuel. This makes the diesel engine more efficient 
than a gasoline engine. 
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" A diesel engine is more efficient than a gasoline 
engine" is the. correct answer. 



Diesel engines use heavier liquid fuels than gasoline 
engines. These heavier fuels are slower to change to 
a vapor than gasoline - and they're cheaper, too. 
Gasoline engmes must use a fuel that evaporates at a 
low temperature, to form a uniform mixture with the 
air flowing through the carburetor. 



Diesel engines use fuel pumps and injection nozzles 
to inject the fuel into the cylinder in a fine spray for 
combustion. Gasoline engines mix the fuel and air in 
a carburetor before the mixture flows into the cylinder. 
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One other way in which diesel engines differ from 
gasoline engines is in their wel(^t Becwise the 
diesel engines work with higher compression ratios 
the engines must be than gasoline 



engines of the same size. 
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ligditer 




B. 


hmvier 




C. 


I don't know & 



!<r 
u 
- /«r 



/r 



You said diesel engines " must be lighter than" gasoline 
engines of the same size, or that you didn't know the 
answer. 



Stop and think for a minute. Remember we said they 
work with higher compression ratio than the gasoline 
engines. There, is therefore more power being exerted 
per amount ;Cf ^iel used. Because there is more power 
being exerted the engine parts must be stronger. This 
means that diesel engines must be heavier than gasoline 
engines of the same size. 
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"Diesel engines must be heavier than gasoline engines 
of the same size" is the correct answer. 



From what we have covered so far, you should be able 
to see several advantages of a diesel engine. 



Which of the following is an advantage of a diesel engine 
over a gasoline engine? 

A. Although its fuel is ejqpenslve, it uses a ^ 
very Small amount. . 

Althoui^ it uses s lot of fuel, the fuel is cJieap.^ y 

/9 



B. 

C. 



tt uses a small amount of cheap fuel. 
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You MUd on* of tho advutagot of k dlMol mglno it 
that "although its Aitl it tiptntiTt, it uttt a vtrjr 
amall amount. " 

Oieael enginea utt a Ttrj haavy ftitl which doea not 
have to be refined to the eictent that ftiel for gaaoline 
enginea muat be refined. Ihia makea the coat of the 
fuel cheaper for dieael enginea than for gaaoline 
enginea. 
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"One of the advantagea of a dieael engine it that it 
uses a email amount of cheap fliel" ia the correct 
answer. 

Which of the following ia an advantage of a dieael 
engine over a gaaoline engine becauae of the t]/pe of 
fttel that is used. 



Greater safety 
Less weight 



W 

"V O 
lliere is no advantage ^ 
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You said there is "no advantage" of a diesel engine over 
a gasoline engine because of the type of fuel that is used. 

Think for a moment. Remember we said a diesel *ngin«» 
was a heavier fttel. This fuel evaporates much moire 
slowly than fttel for gasoline engines and is less 
volatile (active). This means greater safety. 
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You said one of the advantages of a diesel engine is 
that "although it uses a lot of fttel, the fuel is cheap. " 

Rethember we said that the diesel engines have a 
compression ratio. This means more power from less 
ftieL The diesel engine, therefore, uses less ft tel 
than a gasoline engine. . 
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You said that an advantage of a diesel engine over a 
gasoline engine is "less weight" because of the type 
of fuel used. 

Remember we said that a diesel engine uses heavier 
fttel and because of its higher compression ratios, the 
engines are heavier than gasoline en gin^g, 

Because the type of fttel used is heavier and evaporates 
more slowly than fuel for gasoline engines, the diesel 
fuel is less volatile (active), nils means greater safety. 
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"Diesel fuel means greater safety " is the correct 
answer, The reason is iiut me luel is less 



(active). 



volatile 



Some of the other advantages of diesel engines are: 
economy at lig^t loads and in small sizes. 

A diesel engine is efficient when fully loaded - and 
^so when partly loaded. When running at hal f load , 
the dinel engine consumes only about 10 percent 
more fuel » per unit of power produced > than it does 
at fuU load. The efficiency of other engines drops 
off greatly when the load is reduced. ^ 
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From what we have read about diesel engines, which 
of the following would you say is a major Disadvantage 
of a diesel engine as compared to a gasoline engine? 

A. It is more complicated and thus more 
eiqBensive to manufacture. , 

B. It is not as economical to operate. ^ 

C. . R is heavier and more e>q[>etisive to 

manufacture. 
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You said one of the major disadvantages of a diesel 
engine as compared to a gasoline engine is that "it is 
more complicated and thus more ejqpensive to 
manufacture. " 

A diesel engine is iwt more complicated than a gasoline 
engine R may seem more complicated, but you will , 
soon find it as easy to understand as a gasoline engine. 

One of the major disadvantages of a diesel engine as 
compared to a gasoline engine is that it is heavier and 
thus more ezpensive to manufacture. 



Press A 









D 



U 



Q 



a 



Pr&f^ i - i j> 



You OUld ODO of tho Uljor ititimrn 
•n|dn« M coamurod to a gMollno . 
not aa aeonomlcal to oparata. *' 



U' 



\ of a dlaaal 
aa la that "it ia 



Ramambar wa mantlonad that dlaaal fhal ia chaapar 
tm tha ftiel for gaaollna anglnaa. Dlaaal anginaa 
alao hara a higbar conpraaaion ratio which meaaa 
mora powar from leaa nieL Dlaaal anglnaa, therefore, 
are more aeonomlcal to operate than gaaollna anginaa. 



One of the major dlaadirantagaa of a dleael angina aa 
conoparad to a gaaollna eni^e ia ttat It la heavier 
and thua more anpanalve to manufacture. 
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"Dlaaal anglnaa are haavlar and are mora aqianalya 
to manufacture" la tha correct anawar. 



If you anawarad all tha quaationa correctly, wa will 
now go on to new matariaL 
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You answered one or more questions incorrectly. 
Let's review the material we have just covered. 

Read carefully and try to answer all the questions 
correctly. 



TWO-CYCLE AND FOUR-CYCLE DIESEL ENGINES 
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Ibere is a major difference between the construction 
and operation of diesel engines in regard to the cycles, 
or piston strokes, necessary to produce power. Some 
use a four stroke cycle and others, a two stroke cycle. 
First we will discuss the four stroke cycle. 
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In the four stroke cycle engine the first phase of 
(qparation occurs when the piston goes down to permit 
air to come into the cylinder throus^ the intake valve. 
This is called a suction stroke. 



The next step would be to 



the air. 



A. inject fuel into ^ 

B. congress 

C. agitate 



You said the next step would be to "inject fuel into 
the air. " Stq> and think for a moment. How does 
a diesel engine operate? Remember we discussed 
in the first part this program that a diesel does 
not use an ignition syst&m. The heat for combustion 
comes from compressing the air. Therefore after 
the suction stroke, the next step would be to compress 
the air. 



Press A 






D 






fl 



D 



•70 






You said the next step would be to "agitate the air. " 

Stop and think for a moment. What would be the ad- 
vantage of agitating the air? Remember, in a diesel 
engine the heat for combustion comes from compressing 
the air, not agitating it Therefore, die next step 
after the suction stroke would be to compress the air. 
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"After the suction stroke, the next step would be to 
compress the air" is the correct answer. 



At this point when the air has been compressed, the 
piston has completed cycle(s). 



A. one ^ 

B. two ^ 

C. one half of a 
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You Mid that whoa tho air haa boon eoinpreoood dio 
pioton hao coniplotod "ono cpclo”. Lot'o look at the 
Mtion again. Flrot tho pioton haa moood down to - 
ouck air into tho cylindor. Tbia counta aa ono cycle. 
Ihe pioton then goeo 19 to compreao tho air. ihio 
aloo counts aa ono cycle. Therefore, you can oee 
that when the air hM been compreooed, tho pioton 
has made two otrokeo • one up and one down. It haa 
completed two cyclea. 
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"When the air has been compressed, the piston has 
completed two cycles" is the correct answer. 



Now, when the air has been compressed, fuel is in- 
jected into the cylinder by means of a fine spray. The 
resulting combustion then forces the piston back 
This power stroke is the one that provides the 
turn file crankshaft, 'inis siroke hlOo dduntd 
thira cycle. 



down, 
iwer to 



Just before this stroke is completed, the eidiaust valves 
open. When the piston has completed its downward 
stroke and starts up again, it forces the burnt gases 
out through the exhaust valves. This upward s&oke of 
the piston counts as the fourth cycle. 
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You said the puiposes of the downward piston strokes 
in a four cycle diesel are compression and power. 



You are partly right. The purpose of one of the 
downward piston strokes is power to turn the crank- 
shaft A downward piston stroke, however, provides 
more room in the cylinder and thus allows air to come 
into the cylinder. Compression takes place on an 
upward stroke. The correct answer was: air Induction 
and power. 
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"The purpose of the two downward strokes in a four 
cycle diesel engine is air induction and power" is. 
the correct answer. 



What is the correct order of cycles in a four cycle 
diesel engine? 



A. Air induction, congiression, power, ^ 
exhaust 




B. Cong>r®*®f<®» exhaust, power, air ^ 

induction. 



C. Power, compression, eAaust, air ^ 
inaction. 

2 
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You said that when the air has been compressed the 
piston has cong>leted "one-half of a cycle. " 



l*et's look at the action again. First the piston moves 
down to suck air into the cylinder. The piston has 
completed one stroke and one cycle. The piston then 
moves up to compress the air. The piston now has 
completed another stroke and another cycle. 
Therefore, two c ycles hkve been conqpleted. 
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In a four cycle diesel engine the c]dinder makes two 
downward strokes. What are the purposes of these 
strokes? 



Compression and power 
Exhaust and power 
Air induction and power 






You said the purposes of the downward piston strokes 
in a four cycle diesel are eidiaust and power. 



You are pmrtly right. The purpose of one of the 
downward piston strokes is power to turn the crank- 
shaft. A downward piston stroke, however, provides 
more room in the cyUnder. This would not encourage 
an eriiaust action. Burnt gases are exhaused on an up- 
ward stroke. TOe correct answer was: air jnc hictlon 
and power. 
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You ^d the correct order of cycles in a four cycle 
aeael en^e is: couqiression, eriiaust, power, 
air induction. » » 



Let s look at tout Mswer. Conq>ression and eidiaust 
we accomplished 1 ^ upward strokes of the piston. 

B the air is compressed, what would you eidiaust? 



We hope these hints have clarified the order of the 
cycles for you. The CORRECT ORDER is: 



1. Air induction (piston down). 

2 . Compression (piston up). 

3. Power (piston down). 

4. Eidiaust (piston iqi). 

Press A j 
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«fd*r of cyclM In n four cyelt 
taScttonf^* **’ **®^**'’ wfluniitinlr 

Ltt*n look at your annwtr. Wbat cmmm tht power? 
Compreesion and eidiauetton are both upward sfarokea: 
how can they follow each other? 

We hope theae hinta have clarified the order of the 
cyclea for you. Ilte CORRECT ORDER ia: 

1. Air induction (piaton down). 

2. Conqiireasion (piaton up). 

3. Power ODiaton down). 

4. Exhaust ODiston up). 
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**lhe corrsct order of Cycles in a four cycle diesel 
engine is (1) air inaction ODiston down), (2) compression 
(piston up), (8) power (piston down), (4) exhaust (piston 
up)*' is the correct answer. 

As the piston moves down after the ei^losion (power 
stroke), inlet ports are uncovered which surround the 
cylinder liner. Simultaneously, the exhaust valves are 
opened. Air under pressure from the air box moves 
into the cylinder and forces the burnt gases out through ' 
the esdiaust valves. 

Press A > I*' 






As the air enters the cylinder, a swirling action is 
created to rid the cylinder of all burnt gases. When 
all gases are eiqpelled, the cylinder is full of fresh 
clean air. As the piston moves up, the inlet ports 
are closed as well as the exhaust valves, and 
compression begins. This completes the four events 
in two cycles. 
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•iroke.afth.plrtoiu 

A. both ^wnward and upward 

B. the upward ^ ^ 

C. the downward . 

■> y V 






You said that in a two cycle diesel engine air induction 
and exhaust take place on "both the downward and up- 
ward strokes" of the piston. Let's go back and read 
about the two cycle diesel engine again. 

Read carefully. 

Press A j 






"In a two cycle diesel engine air induction and 
exhaust take place on the downward stroke of the 
piston" is the correct answer. 

Hie two cycle diesel differs from a four cycle diesel 
in that it does no^ have separate piston strokes for: 

A. air induption and mtoust. 

B. power and compression. ^ 

C. eidiaust and compression. 



Y^' 



Y« ttot in . two oircl. dlM.I ««n. al, indicllon 
•wd exlian.l take pine, "on tli. upward Mrok. of Hia 
piston. " 

Perhaps you have upward and downward mixed up. 
Remember - on the upward stroke of the piston the 

air is compressed. Air induction has been completed 
^ter the piston passes a certain point. In a two cycle 
diesel, when the piston moves down it uncoveres the 
air inlet ports. 
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You said a^two cycle diesel differs from a four cycle 
mesel in that it "does not have separate piston strokes 
tor power and compression. " 

Itower and compression, however, make up the two 
strokes in a two cycle diesel engine. The compression 
stroke is iqiward and the power moke is dowmmd. 

The CORRECT uswer is that the two cycle diesel 
ei^e does not teve separate piston strokes for air 
todwtion and exhaust. These are taken care of on the 
downward stroke of the piston. ««««« 
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Yoii Mid ft two cycle diecel differs from ft four cycle 
diesel in that it "does not heve senate piston strokes 
for eriiaust and compression. " 

Let’s look at the operation of a two cycle diesel again. 
Remember it has two strokes - the compression stroke 
(upward) and the power stroke (downward). 

Ibe correct answer is that the two cycle diesel engine 
does not have separate piston strokes for air induction 
and exhaust. Ihese are taken care of on the downward 
stroke of the piston. 

Press A ^ 2 



sTO 



You answered one or more questions incorrectly. 
Let's review the material on four and two cycle 
diesel engines again. Read carefully and try to 
answer all the questions correctly. 



Press A 
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"The two cycle diesel differs from a four cycle diesel 
in tlult it does not have separate piston strokes for 
air induction and eiduuist" is the correct answer. 

Now, if you answered all the questions correctly, 
you will go on to new material. 

Press A 
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As a maintenance man, what would you most 
frequently be replacing? 

A. Cylinder block -Jp J*' 

B. Crankcase -> 

C. Cylinder lining , 

sTf' 






You said as a maintenance man you would most fre- 
quently be replacing "the crankcase". Remember we 
said the crankcase and the cylinder block were cast in 
one piece. If you were replacing the crankcase, you 
would also be replacing the cylinder block which was 
choice "A" in the question. 

Hie correct answer is that you would most frequently 
be replacing the cylinder lining. Hiis is made so that 
it can be replaced when worn beyond the .allowable 
limits.. 

Press A ^ . *> 



You said as a maintenance man you would most fre- 
quently be replacing "the cylinder block". Remember 
we said the cyUnder block and crankcase were cast 
in one piece. U you were rqilacing the cylinder block 
yw would also be replacing the crankcase - which was 
choice "C" in the question. 

The correct answer is that you would most frequentty 

be replacing the cyUnder lining. This is made so 

ttat it can be replaced when worn beyond the aUowable 
limitSt 

Press A ^ 



"As a maintenance man you would most frequently be 
replacing the cylinder lining" is the correct answer. 

An overhead valve mechanism is used in diesels with 
the usual push rods and rocker arms, b considering 
the two cycle engine, keqi in mind Uiat the camshaft 
runs at the same speed as the crankshaft, in the four 
cycle engine the valves are opened only every two 
revolutions, so the camshaft runs half as fast as the 
crankshaft. 
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Hi0 cam shift oa a two cycle engine 
turns the crankshaft. 

A. at the same speed as ^ JT^ 

B. faster than ^ 



slower than 



r 7 






You said the camshaft on a two cycle engine runs at 
"a slower speed than the crankshaft. " You appear 
to have the two cycle engine confused with the four 
cycle engine. In the four cycle engine the valves are 
opened only every two revolutions, so the camshaft 
runs half as fast as the crankshaft. 

On a two cycle engine the camshaft runs at the same 
speed as the crankshaft. 
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You said the camdwt bn a tWo*dyCle engine-turns 
'Vaster than the crankshaft. " No; you are wrongs 
The gear train connecting the camshaft(s) to the 
craidcshaft are a one to one ratio —they turn at 
the same speed. 
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"On a two cycle engine the camshaft runs at the same 
speed as the crankshaft" is the correct answer. 

1® **»e same 

as gettin^e fuel-air mixture into an automobile 
BS overhead valve opens, the piston goes 
TOwn, ud the outside atmospheric pressure forces 

. '^®, *^® to remember is 

that it is air only ; no fuel is mixed with it when it 
enters thSTyI!n7er. 



In a two cycle engine we do not have an air induction 
cycte, as in the four cycle, and since there is such a 
short time to get the air in the cylinder a blower is 
required. The most common type of blower is a 
Roots blower. 
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A Roots blower is a casing with two rotating parts or 
rotors. Each rotor has three lobes that fit together 
like gear teeth as the rotors are driven around. Th^ 
are driven from the en^e crankshaft. Air is forced 
Iw the blower into the air box surrounding the lower 
part of the cylinders. This creates a pressure so ttat 
when the piston is down the air inlet valves open and 
fresh air ru^es into the cylinder. This fremi air also 
helps push out the exhaust gases. The flow of air is 
always in one dtoection. 

In some arrangements the air is blown directly into 
the cylinder. It swirls through, sweeping out the 
burned gases. As the piston rises it closes off the air 
inlets and compresses the fresh, clean air remataing^ 
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You said you would find a Roots blower "in a four cycle 
diesel engine. " You are^icorrect. Remember a four 
cycle engine has a separate cycle for air induction and 
exhaust. A two cycle engine must handle air induction 
and exhaust at the time the piston is at the Itottom of 
the cylinder. Because of the time element, a Roots 
blower is used. 



Prins'A 






We will find a Roots blower in 
diesel engines. 



cycle 



A. 


four 




B. 


two 


'v7‘ 


C. 


two and four 











You said you would find a Roots blower in "both a two 
and four cycle diesel engine. " You are iimorrect. 
Remember a four cycle engine has a separate cycle for 
air induction and exhaust, and thus has no need for a 
blower. A two cycle engine must handle air inductibn 
and exhaust at the time the piston is at the bottom of 
the cylinder. Because of the time element, a Roots 
blower is used to handle air induction and speed the 
exhaust. 
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"You will find » Roots Uowsr in a two eirels'disssl 
snglns" is ths corrsct answsr. 



A Rooti Uowsr is a casing with (1) rotating 

parts and each has (2) _lobss that fit together 



like gear teeth. 


I 


A 


(1) three, (2) three 




B. 


(l)two, (2) four 




C. 


(1) two, (3) three 





"Two rotating parts and three lobes" is the correct 
answer. 






Hie primary Job of the fuel system of a diesd engine 
is to see that the right amount of fuel is injected into 
a cylinder at the ri^t time. Ihis makes the injector 
the most important part of the system. 



The fuel system also has a fuel tank and a 
carry tte fi 

fuel line to carry the unused fuel back to the tank. 



system 
ifuel to 



the injectors. There is 



to 

30 a return 



Dirt is the major enemy of a diesel fuel system > so 
we have a filter between the fuel.tank and me fuel pump, 



and another filter to clean the oil Just before it reaches 
the injector. 
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You said "the filters" were the most important part 
of the fud system of a diesel engine. The filters are 
very important but the most important part of the system 
is the injector. The injector must inject the pr(q;>er 
amount of fuel into the cylinder at the proper time. 
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"The injector" is the correct answer. 

What is the major enemy of a diesel fuel system? 



A. Wrt w ^ 



C. Dirt 



7/ 
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No, you are incorrect. A Robtit.Uower is a 
casing with two rotating parts, and each, has 
(hree lobes that fit together like gear teeth. 
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What is the most inq;K>rtant part of the fuel 
system of a diesel engine? 

A The iojector. 

The filters. ^ 

The fhel pump. ^ 



a 

c. 




You said "the fuel pump" was the most important 
part of the fuel system of a diesel engine. The 
fuel pump is important but the injector is the most 
important part. The injector must see that the 
propw amount tst fuel is injected into the cylinder 
at the proper time. 
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6: ^ 



I 



You said "water" was the major enemy of the diesd 
fuel system. You are incorrect. 



DIRT is the major enemy, remember they have two 
filters in the fuel system to eliminat<» dirt. 
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You said "oil" was the major enemy of the.fuel 
system. You are Incorrect. DIRT is the major 
enemy, remember they have two filters in the 
fuel system to eliminate dirt. 
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Diesel fuel has an advantage over gasoline from the 
safety standpoint. It does not give off vapor as readily, 
so it doesn't usually form an e:q>losive air-fuel mixture 
when spiUedi)r in case of a leak). This is important 
for uses where the fire hazard is great. ' 



What does the cetane number indicate in diesel fuel? 



Density 
Vapor quality 
Ignition quality 





The hicfier the cetane number the 
be the ignition quality of the fueL 



wUl 



A. poorer 

B. better 



7f 
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Diesel fuel has an advantage over 
gasoline from afa ) standpoint. 



A. ignition 

B. power 

C. /safety 



•> ~n 

^7^ 
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"DIRT is the ma^or enemy of a diesel Aiel system" is 
the correct answeir. ' • . 




smoky ejdiaust, and knocking. 



combustion. 



] 



Ibel is measured by cetane numbers. Cetane numbers 
indicate the ability of certain fuels to ignite faster than 
others. The higher the cetane number is, the faster the 



fuel will Unite after injection. Ihe large, slow diesel 
can use 30 cetane fueL The hi^ speed diesels must use 
at least 45 cetane, with some requiring as hi^ as 60. 
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You are incorrect. The cetane number of 
diesel fuel indicates the ignition quality of 



the fueL 



"Ignition quality" is the correct answer. 
Press A y ^ 



Higher cetane numbers indicate better 
ignition quality of the ftieL 
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You said 'Trom an ignition standpobit" diesel fuel has 
an advantage over gasoline. 



Because diiesel fbel does not evaporate as readily as 
gasoline, it actually has a poor er ignition. 



Diesel fuel has an advantage from a SAFETY standpoint. 
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111 an antrff c«U tfpa coninatlon tfaUm w bar* 



A. 

B. 

C. 



•a ai»lllar]r chambtr whar* tiia HiaUs . % 
ipltad ^ / 






a fifora • typa conbuatton chaabar *J| 
a circular cbanbar with poorad aldaa 



No, you ara conhiaad. A circular chamber 
wilth froorad aldia would ha of Uttla value to 
aid eomluatloii. Ah aaarp call type combuatlon 
eyatam haa a flaura • type combueUco chamber. 

PraaaA 
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No. You ara confUelng the energy call type combuatlon 
eyatam with a pra-combuatlon ayetam. An energy cOU 
type ayatam haa a flgui a 8 type c ombuatlon chamber. 






"A flpra 8 type combuatlcn chamber" la the correct 

anawar. 



What ara wa concerned with In a combuatlon ayatam 
of a dlaaei? 




No, you are Incorrect. In a dteeal wa do NOT want 
the fuel to burn all at once In one place. Thla could 
cauee audden hip preeauree and a tendency to knock. 
It would alao make a etronger, heavier engine 
neceaaary. 



in the combuatlon ayatem we are concerned that the 
fuel and air are properly mixed. 



Preee A ‘p y 
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No, you are Incorrect, in a dleaei we do NOT want 
the air to etay calm. The more turbulent we can 
make the air, the better. We want the air and fuel 
to be properly mixed. 



Preaa A f / 
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"That the fuel ind air are properly mixed" la the correct 



anewer. 

In a dieael we do not worry about the mixture ratio of 
fuel to air. It la not neceaaary to have Juat 15 parta 
of air to one part of fueL Uaually we have more air. 

We completely flU the C]dinder with air on each etroke, 
whether we are li||eeting a email amount of fuel for 
i^in g or a full charge for maximum power. Becauee 
we anraya have more than enoup air in the cylinder we 
get better ftid economy at part load than we w to a 
carburetor engine. The efficiency of a dleeel engine doea 
not drop off when It la runi^ at leae than full power. 



in a dieael engine we control the amount of qieed 

by ■ 



A. 

B. 



C. 



the amount of air allowed In the cylinder-^ 
the force of the pleton on the upward etroke 
the amount of fuel Injected Into the cylinder 
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No. You aro ineorroct Hi« aiaount of tpood In a 
diaaal la NOT controUad by tha amount of air aUowad 
In tha cylindar. Wa haaa no way of controlUng tbia. 
Wa control tha apaad by tha amount of faai laJactad 
into tha cylindar. 



Praaa A 



Nb| you ara incorraet. Wa do NOT control tha apaad 

in a diaaal by tha forca of tha piaton on tha upward 
Btrbkdi Ihli forca alwaya ramaina tha aama. Wa 

control tha apaad by tha amount of fua l inlactad into 
tha cylinder. 



Praaa A ^ 



f 



0 

Q 

a 



0 

D 



o 

ERIC 









"Tha amount of fual injactad into tha cylinder" ia the 
correct anawer. 

Compared to a gaaoline engine a dieael engine on 
part load ia 

A. more efficient ^ i ' 

B. lean efficient ^ C 

C. aa etticieni aa the gaaoline engine 



No. You are incorrect. One of tha advantagea 
of a diaaal engine ia that it ia more efficient than 
a gaaoline engine on part load. 
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"Compared to a gaaoline engine a dieael engine orf 
part load ia more efficient" ia the correct anawer. 
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Congratulationa. You have anawered all the 
qpeationa correctly and have finiahed thia 
program on dieael enginea. 

Preaa Rewind 
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You anawered one or more queationa incorrectly. 
Let'a review the material again. Try to anawer 
all the queationa correctly this time. 

Read carefully. 

Presa A ^ I 
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INSTRUCTOR’S GUIDE 



General Introduction To Diesel 
Title of Unit: Engines 



Code: 



PTAM 1-1 
9/29/65 



OBJECTIVES for this unit: 



Know how a diesel engine differs from a gas engine. 

Know what a diesel engine consists of. 

Know what are considered the advantages of a diesel engine. 

Know what a two cycle engine is and how it works. 

Know how a two cycle engine differs from a four cycle. 

Know what the following features are: 

Cylinder liners 

Overhead valve mechanism 

Air system and Roots Blower 

Four flows of a diesel engine (their components, in general) 



TRAINING AIDS: 



16mm Film - ABC’s of Diesel Engine - General Motors 



The following VUE CELLS 



PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 
PTAM 1-1 

PTAM 1-1 



I I) (2 cycle vs 4 cycle) 

2) (4 cycle) 

3) (4 cycle) 

4) (2 cycle) 

5) (air intake and exhaust) 

6) (blower functions) 

7) (functions of fuel system) 

8) (fuel system) 

(9) (function of the lube system) 

(10) (lubrication system. In-line 
engine) 

(11) (cooling system) 



QUESTIONS: 

1. What components of the diesel and gas engine are similar? 

2. How does a diesel engine differ from a gas engine? 

3. What are some advantages of a diesel engine? 

4. What are some disadvantages of a diesel engine? 

5. What is a two cycle engine? 






Instructor’s Guide for PTAM 1-1 
Page Two 
Questions cont’d. 




6. What are the two cycles? 

7. What happens in each cycle? 

n 8. What is a four cycle engine? 

; iF 

" " 9. What are the four cycles? 

^ 10. What is a cylinder liner? Why is a liner used? 

1 1 11. What is the overhead valve mechanism? 

12. Why does a diesel (two cycle) need a blower? 

13. Why doesn’t a four cycle need a blower? 

14. Do all diesels require intake valves? 

15. What are the four-flows of a diesel? 

' i 








